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Introduction and motivation
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Rise in aluminum content
per vehicle over the years [1]

An example of a battery pack with
integrated crash structure out of
extruded aluminum profiles [3]

Space frame of a modern-day vehicle
in multi-material construction [2]

[1] Schubert, E.: Challenges in Thermal Welding of Aluminium Alloys, World Journal of Engineering and Technology, 2018, 6, 296-303
[2] https://www.audi- mediacenter.com/en/audi-r8-72
[3] https://www.audi- mediacenter.com/en/audi-e-tron-75
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Considered fatigue life assessment methods
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Stress based approaches [4]:
1 Nominal stress approach
2 Structural hot spot stress approach
3 Effective notch stress approach

Crack propagation analysis [5]
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[4] IIW: Recommendations for Fatigue Design of Welded Joints and Components, International Institute of Welding document IIW-1823-07, 2008
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[5] Mann, T.: Fatigue assessment methods for welded structures and their application to an aluminium T-joint, Doctoral Thesis, Norwegian University of Science and Technology, 2006
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Fatigue life assessment with FEMFAT Weld

Effective notch stress approach

Testing of a certain S/N curve from test ]
. weld joint . slope The approach and the process:

: iy ideally covering all three load cases
« material . A Y g

(tension, bending, power flow)
« Metallographic measurements of the
joint section for the fine FE models

- o = |« Notch factors extraction
Metallographic section of Fine FE Model Storing Notch Factors in
Specimen Radaj Method Database
Load Case1 Load Case 2 Load Case 3
‘ o Kt Tensile/Compression Bending Power flow over neighbour element
* SIN M M
S /] . F , N
« Haigh Diagram A G T 7 = Neighbor
= - 7 \ Element
7 &nl =) | ¢
- / A / t e
; Assessment ssessmen
Element Element | %
o Kt L~
« SIN ... up to 4 assessment points per sheet: ¢ / ?
0 ) Transition Area Top and Bottom @® Root Top and Bottom | / L
e Haigh Diagram Assessment
Element

[6] FEMFAT weld - advanced training, March 2021
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Experimental procedure

Specimen geometry

Butt joint welded specimen

230

Public

Two types of welded specimens were selected:
« I-seam butt joint
* One sided T-joint
« Welding technology: MIG with AISi5 (4043) filler

T-joint welded specimen
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Experimental procedure
Specimen welding and cutting

Hollow rectangular profile with 3 mm wall thickness
Specimens were cut after the welding process, therefore no
influence of weld ends is considered

Public / 10
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(a) after MIG welding
(b) after EDM cutting



Experimental procedure « Tension and bending load cases.tested, with R = 0.1

« 12 tests per load case and specimen

Fatigue testing . Crack initiation site (toe / root) inspected
mm
1 butt joint tension bottom side weld toe
2 T-joint 12 tension weld root
3 T-joint 12 3-point bending weld toe
4 butt joint 12 3-point bending top side weld toe
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Experimental procedure

Metallographic measurements

* Microscopy and hardness
measurements of the joint section cuts

‘ Butt T
joint
E \
2 ® ¢ 23 * ® 3 23 . *
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----------------- - ‘ Hardness measurements of butt joint specimens
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Experimental procedure
Fatigue results @ butt-joint

« Testing results given for 10 %, 50 % and 90 % survival probability -m

« Endurance cycle limit assumed at 2e+06 cycles Tension 1.46
Bending 7.8 1.35

Material : Al 6060 T-66 Material : Al 6060 T-66 R 0.1

Sample-type : Butt-Joint Teslmg -Device ZWIck Roell HC25 Sample-type Butt-Joint Teslmg -Device Zwick-Roell HC25

Load-type Tension Frequency : Load-type : 3-Paint-Bending Frequency : 100
sin - Verteilung HCF: IgN = a + k IgF Ny LLF:F, sin - Verteilung HCF: IgN = a + k IgF Ny LLF:Fy
P = 10% : IlgN = 2711377 + -5.77460 IgF - 0.00 P = 10% : IgN = 26.19690 + -7.81521 IgF - 0.00
P = 50% : IlgN = 2759035 + -577460 IgF (4928763) (4158.0) P = 50% : IgN = 26.71156 + -7.81521 IgF 0.00
P = 90% : lgN = 28.06694 + -577460 IgF - 0.00 P = 90% : IgN = 27.22622 + -7.81521 IgF - 0.00
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Experimental procedure
Fatigue results @ T-joint

« Testing results given for 10 %, 50 % and 90 % survival probability -m

« Endurance cycle limit assumed at 2e+06 cycles Tension 1.39
Bending 9.0 1.18

Material Al 6060 T-66 R : 0,1 Material Al 6060 T-66
Sample-type : T-Joint Testing-Device :Zwick-Roell HC25 Sample-type T-Joint Testlng Dewce Zw1ck Roell HC25
Load-type : Tension Frequency : 60 Load-type 3-Point-Bending Frequency : 100
sin - Verteilung HCF: IgN = a + k g F |Korr. - Koef.| Ny LLF :Fp sin - Verteilung HCF: IgN = a + k IgF |Korr. - Koef.| Ny LLF:Fp
P = 10% : IgN = 1867481 + -4.87892 IgF - 0.00 P = 10% : IgN = 2991736 + -8.97015 IgF - 0.00
P = 50% : IlgN = 19.02557 + -4.87892 IgF 0.9239 0.00 P = 50% : IgN = 3025158 + -8.97015 IgF 0.9966 0.00
P = 90% : IlgN = 19.37633 + -4.87892 IgF - 0.00 P = 90% : IgN = 3058580 + -8.97015 IgF - 0.00
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Calibration procedure

Calibration process:

« Finite element modeling for notch factor extraction
« Calibration of notch factors and joint/load-based S/N curve

1

Experimental data
from fatigue
measurements

Modify notch factors

Which possibilities do

exist to fit my model to combining
experimental data both actions
using weld database? is possible A

N

<
S S
o) decrease of np
9 =)

notch factors

Mod |fy ‘ » increase of

weld S/N curve increase of slope k

notch factors =~ o 1 ¥

2

Finite Element Modelling
and fatigue assessment
using FEMFAT

decrease of
slope k

log N logN
[6] FEMFAT weld - advanced training, March 2021
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Calibration procedure

Creation of the FE model with detailed weld geometry

Microscope measurements

of an actual specimen

@z_

CAD model based on the 2D shell mesh of the
measurements specimen cross section

FE model with plane stress elements and ABAQUS solver

Fictious notch radius assumed as r
Fictious notch radius assumed as r

t /10 = 0.3 mm according to FEMFAT guidelines for T-joint
0.3 mm and r = 1.0 mm for butt joint

Vukic, Roman Baranja, Dr. Richard Tichy, Harald Pramberger | | 04 April 2023
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Calibration procedure

Notch factors for T-joint and r = 0.3 mm

8,822

(A 790

2 811
[Avg T5%) I
340 x

Shono—— i
SENRERUEIEER

===

s 511 55
(Ao T3%) I { %)
254 * 278
2, I T4
212
s
et
1.16
083
w5l
18
014
040
-0.T0
RS

— F E——— M

Addition ol'S, 522 5 511 @

(v T3 I @ (A 75%) t

s * E 13 ’ LC3 base
083 y

l .06 1.00 1.00 LC1 web L ’

iz

Mislav-Vukic, Roman Baranja, Dr. Richard Tichy, Harald Pramberger | | 04 April 2023
I

Public




Calibration procedure
Notch factors for Butt-joint, r= 0.3 mm and r = 1.0 mm
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stress 511 distribution in the butt joint specimen for Icl stress 511 distribution in the butt joint specimen for 1c2

Calculated notch factors for non-symmetrical I-seam weld with r = 1.0 mm

Icl 1e2
Weld toe at the top 1.76 1.69
Weld toe at the bottom 2.31 1.82

Calculated notch factors for non-symmetrical I-seam weld with r = 0.3 mm

lel 1c2
Weld toe at the top 2.64 254
Weld toe at the bottom 3.47 273
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Calibration procedure

General FE models for verification

Butt joint welded specimen

3, Max. Principal
SPOS, (fraction = 1.0}
(Avg: T5%)
13520
123.594
112.67
101 .40
Q014
7887
6760
5633
4507
3380
22.53
1127
000

Public

FE models for tested specimens:
« Abaqus shell S4 elements
« Element size 2 *t =6 mm

T-joint welded specimen

3, Max. Principal
SPOS, (fraction = 1.0
(Avg 73%)

8, Max. Principal

SPOS, (fraction = 1.0)
(Awg: T5%)
147 58
13528
12298
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HCF testing and FEMFAT Weld results comparison

Butt joint specimen - tension

« Assumption of r = 0.3 mm too conservative
« Good correlation for r = 1.0 mm, especially

considering symmetric joint (notch factors 1.76 / 1.69)
8000
=3
E = @ Fatigue testing results for 10%, 50%, 90% SP
<l
g
go == Non-symmetrical | seam weld with r=0.3 mm
@©
0]
S 4000
"'_5 ==f= Non-symmetrical I-seam weld with r=1 mm
]
._é
<
==& Symmetrical I-seam wled with r=1 mm
Crack initiation at the bottom 2000
. 1,0E+04 1,0E+05 1,0E+06 1,0E+07 1,0E+08
side weld toe
Number of cycles to failure log (N; ) [cycles]
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HCF testing and FEMFAT Weld results comparison

Butt joint specimen - 3-point bending

Crack initiation at the top
side weld toe

Public

Applied force range log (AF) [N]

« Assumption of r = 0.3 mm too conservative
« Good correlation forr = 1.0 mm

800
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= @=— Fatigue testing results for 10%, 50%. 90% SP

== Non-symmetrical | seam weld with r=0.3 mm

==f== Non-symmetrical | seam weld with r=1 mm

100
1,0E+03

1,0E+04  1,0E+05 1,0E+06 1,0E+07 1,0E+08  1,0E+09

Number of cycles to failure log (N ) [cycles]
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HCF testing and FEMFAT Weld results comparison

T-joint specimen - tension

Crack initiation at the weld toe

Public

Applied force range log (AF) [N]

« Assumption of r = 0.3 mm on the conservative side
« Further fine tuning of notch factors recommended

1600
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= @=— Fatigue testing results for 10%, 50%, 90% SP

=== T-joint fillet weld with r=0.3 mm
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HCF testing and FEMFAT Weld results comparison

T-joint specimen - 3-point bending

Crack initiation at the weld toe

Public

Applied force range log (AF) [N]

« Assumption of r = 0.3 mm correlated well
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== @= Fatigue testing results for 10%, 50%, 90% SP

=== T-joint fillet weld with r=0.3 mm
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Number of cycles to failure log (N ) [cycles]
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Conclusions

= FEMFAT Weld

- In general, good correlation with test results when FEMFAT modelling guidelines are
followed.

= Fictious notch radius for the modeling of the weld geometry:
- Butt joint specimen

- Assumption of r = t / 10 too conservative and not realistic because the measured weld radius
varies from 1.0 mm onwards.

- Recommended to user = 1.0 mm.
- T-joint specimen

- Assumption of r = t / 10 gives reliable results since the measured weld radius varies in the
range between 0.3 mm and 1.0 mm.
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